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I. Introduction
In this contribution, we propose S-SCH structure for EUTRA cell search. Especially M-PSK modulated S-SCH structure is proposed. This idea was proposed in [1] at the previous meetings but was not presented due to lack of time. It was decided that the S-SCH includes 170 group IDs and frame boundary at the last meeting. But it was not decided whether the S-SCH includes P-BCH Tx diversity indicator and reference signal hopping on/off or not. Our preference is that the S-SCH includes hopping on/off. But for the P-BCH Tx diversity, it should be decided based on results of the MIMO ad hoc. By using the modulated S-SCH signal structure we can minimize the required number of S-SCH sequences, thus reducing the second step complexity. When we use QPSK modulation we can reduce the second step complexity to 1/4. By reducing the required number of S-SCH sequences we can also improve the 2nd step detection performance in synchronized network.
In this contribution, we compare the 2nd step performance of three schemes with BPSK modulated S-SCH, QPSK modulated S-SCH and different S-SCH sequences, respectively.
II. Three possible S-SCH structures
2.1 Different S-SCH sequences for all information (Scheme-1)
This scheme uses different sequences in the first and the second S-SCH symbols for the frame boundary detection, and also uses different sequences for the other information. Thus the number of S-SCH sequences used in the system is 
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where 
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is the number of S-SCH sequences, and 
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is the number of additional bits. For example, if the number of additional bits is 3 (frame boundary, # antennas for P-BCH and RS hopping on/off), then the number of S-SCH sequences is 1360.
2.2 BPSK modulated S-SCH (Scheme-2)
In this case, 1 bit among 
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bits is BPSK modulated so the number of S-SCH sequences is reduced to 1/2 compared with Scheme-1.
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2.2 QPSK modulated S-SCH (Scheme-3)

In this case, 2 bits among 
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bits are QPSK modulated so the number of S-SCH sequences is reduced to 1/4, compared with  Scheme-2.
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Even assuming the same number of hypotheses for the above three schemes, we can reduce the second step complexity almost to 1/2 and 1/4, compared with Scheme-1, by using BPSK or QPSK modulation because the complexity in the second step mainly comes from the number of S-SCH sequences.
III. Simulation condition and results
We compare the above three schemes in non-initial cell search environment using a simple 2-cell model. As many companies have already mentioned, the non-initial cell search is much more important than the initial cell search. In order to investigate the impact of the home cell interference to neighboring cells, we assume synchronized cells. Figure 1 shows the simplified two-cell model. There are two simulation parameters, 
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 to be -3 dB since the handover occurs at low SNR environment. We assume that different P-SCH sequences as well as different group IDs are allocated for the two cells, which simulates the situation where the two cells belong to different neighboring Node Bs. Since the synchronized cell model is used, it is assumed that the frame boundary of the target cell is known for the UE. Thus, only the group ID, RS hopping on/off (and/or P-BCH diversity indicator) should be detected in the second step. Table 1 in appendix A shows simulation parameters in detail.
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Fig. 1 Two-cell model for non-initial cell search

Figures 1 and 2 show the 2nd step detection performance when the number of additional bits are 2 and 3, respectively. We can see that there is little performance difference between BPSK base scheme and QPSK based scheme. But it is shown that there is some performance gap between with and without modulation schemes. We can see that the performance gain of QPSK (at the 10-2 DER point) is 1 dB and 1.5 dB over Scheme-1 (without modulation) when 
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=2 and 3 bits, respectively. 
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Fig. 2 Second step DER when the number of additional bits is 2
[image: image14.wmf]-8

-6

-4

-2

0

2

4

10

-2

10

-1

10

0

1x2 ant., N

G

=170, TU 3km/hr, 200 Hz offset

 

 

Second Step DER

I

target

/I

home

 (dB)

 : w/o modulation (N

SSC

= 1360)

 : BPSK (N

SSC

 = 680)

 : QPSK (N

SSC

 = 340)


Fig. 3 Second step DER when the number of additional bits is 3
IV. Conclusions

In this contribution, we have investigated the performance of the M-PSK based S-SCH structure. Compared with Scheme-1 without modulation, the QPSK based S-SCH structure provides performance gain of 1 ~ 1.5 dB in the second step and does not introduce any additional S-SCH sequences, thus reducing the second step complexity to 1/4.

From the above observation, we propose the following S-SCH structure for E-UTRA.
· QPSK modulated S-SCH for two of the following information

· Frame boundary indicator
· Reference signal hopping pattern on/off 
· P-BCH Tx diversity indicator (if needed) 

· Cyclic shifted ZC sequences (or binary sequences scrambled with GCL sequences) for

· Cell group IDs and 
· One of the above information (if needed)
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Appendix A. Simulation conditions
Table 1. Simulation assumptions
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	72

	Residual frequency offset
	200 Hz

	S-SCH sequence
	Cyclic shifted ZC with length 73 (code increase 1)

	Number of S-SCH sequences 
	2 bits
	Scheme 1
	680 (time increase 8 samples)

	
	
	Scheme 2 (BPSK)
	340 (time increase 16 samples)

	
	
	Scheme 3 (QPSK)
	170 (time increase 32 samples)

	
	3 bits
	Scheme 1
	1360 (time increase 4 samples)

	
	
	Scheme 2 (BPSK)
	680 (time increase 8 samples)

	
	
	Scheme 3 (QPSK)
	340 (time increase 16 samples)

	P-SCH sequence
	GCL with length 37
# of occupied subcarriers by P-SCH = 36

	P-SCH sequence number
	1 for serving cell, 2 for target cell

	Channel Model
	TU (6 paths)

	Antenna configuration
	1 Tx and 2 Rx 

	Antenna diversity
	No antenna diversity at Tx and EGC at Rx

	Averaging length for the second step
	2 S-SCH symbols

	Channel estimation for coherent second step
	DFT based channel estimation

	First step
	Ideal first step
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